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« 

A study  of  lattice  defect  equilibria  in  tlie  KCl:Eu  crystal  KC.01ECH9C  produced 
by  thelHarshaw  Chemical  Company  as  part  of  the  AFMl.  laser  window  development 
program^has  been  undertaken  using  optical  absorption,  electron  spin  resonance 
and  ionic  condue^vity.  These  techniijiyes  reveal  that  the  predominant  specie  of 
the  Eu  ion  is  Ed  , in  the  form  of  Eu  ;_^vacancy  complexes  at  room  temperature. 
The  ultraviolet  absorption  bands  of  Eu  that  occur  at  ^^3  and  330  nm  have  been 
used  to  allow  a non-destructive  determination  of  the  Eu  content.  The  room  ^ 
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temperature  absorption  coefficient  of  the  243  and  330  nm  bands  have  been  cali- 
brated by  polarographic  and  ionic  conductivity,  such  ,^1^3 t the  relationship 
between  the  optical  absorption  coefficient,  a,~,^nd  Eu  ' content  is  given  by: 

Mole  % Eu^  = 4.3  X 10  u . 
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Optical  absorption  spectrum  of  KC 1 : Eu  at  room  temperature. 
Spectrum  H is  from  tlie  lieel  section  and  spectrum  C is  from 
the  cone  section  of  sample  KC.01ECH97. 

Concentration  vs.  crystal  location  determined  usinj;  absorption 
and  polargraphic  results,  from  ref.  10.  Sciiematic  sections  at 
lieel  and  cone  show  sample  locations  and  grain  boundar i es (see  alsi.) 

Pig- 

Sectioning  plan  for  llarshaw-grown  ingot  KC.01EC1197.  See  Figure 
2 for  specific  sample  locations  in  cone  and  heel  sections. 

Ionic  Conductivity  plots  of  pure  KC  1 and  KCliF.u  crystals  from 
the  heel  and  cone  sections  of  llarshaw-grown  ingot  KC.01ECH97. 
Sample  numbers  from  Fig.  2. 

j I 

Absorption  coefficient  of  the  243  nm  band  versus  Eu  concen- 
tration, as  determined  by  ionic  conductivity.  The  slope,  deter- 
mined by  least  squares  curve  fitting,  is  0.234;  the  slope  inverse 
gives  proportionality  constant  in  eq . 15).  ® 

I ^ 

Same  as  Fig.  1 with  addition  of  points  •,  which  represent  Eu 
concentration  determined  by  ionic  conductivity  (Fig.  5)  compared 
to  polargraphic  Eu-ion  content. 

Esr  spectrum  for  KCl:Eu  powder  at  room  temperature. 
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SI-XTION  1 


INTKODUCTIDN 


Recent  advances  in  infrared  laser  technology  have  demandeti  the 
development  of  a suitable  window  material  for  the  high  powered  CO,  gas 
laser  system.  The  window  materials  under  consideration  are  primarily 
alkali  halides,  with  the  most  promising  of  these  being  NaCl,  KRr,  Nallr 
and  K.Cl(l).  These  alkali  lialides  are  preferred  in  that  they  have  verv 
low  optical  absorption  coefficients  over  a wide  portion  of  the  infrared 
spectrum.  However  they  do  have  the  drawback  tliat  in  their  single  crystal 
state  they  are  quite  we.ik.  Therefore  in  order  to  use  tliese  alkali 
halides  for  window  materials  it  is  important  to  increase  their  sti'ength 
without  decreasing  their  t ranspa rency . Some  of  the  strengthening 
methods  being  investigated  are  recrystail izat  ion , alloying  and  radiation 
hardening  (1).  In  KC 1 , one  of  the  main  strengthening  methods  used  in- 
volves alloying  it  with  europium  (llu). 

In  order  for  the  europium-doped  KC 1 (KCltbu)  material  to  be  used 
in  a laser  window  system,  either  in  single  crvstalline  polycrystalline 
form,  it  is  important  to  characterize  its  lattice  defect  state  .mil  to 
relate  the  lattice  detect  structure  to  the  optical  properties  ol  the  mat- 
erial. This  characterizat ion  should  include  t lu-  determination  ol  the 
Ku  impurity  distribution  throughout  the  crvstal,  the  nature  ol  the  chaige 
anil  state  of  the  Ku  impurity  content.  These  crystal  characterization 


goals  are  the  b.isis  of  this  present  work  in  KC  1 ; Ku  single  crystals. 


Sian- ION  II 


iiACK(;i<o(!\n 


^ I 


V.irioiui  .'iUKiirs  in  K('l:Ku  liavn  i lul  i cal  lal  l lu'  ptacaail  cl  I'u  , l.u  , and 


+ ) 


liii  ions  in  I lii  s malcrial.  The  pi'i’dom  inant  ion  iM'oscnl  at  room  I I'lnpc  ra  I u re 

I I I ^ 

appears  to  be  i'.n  present  in  tiu-  I orm  ol  i'.u  -vacanev  ilijuile;;  (.J-'i). 

j I 

Tlie  bn  ion  lias  two  cha  rac  t c r i s t i e ultraviolet  absorption  baiiil.s  ilial 
are  due  to  eU-etronie  transitions  l rom  the  prouiui  state  to  tlie  e^  and 

L,  components  ot  the  4f^  5d  * eon  1 i pufa  t i on , with  t lu’  tormer  bi'inj’,  at  liii’du’r 

energy  (b)  . These  liands  oeeur  at  2-Vi  nm  and  at  HO  nm.  A typical  room 
temperature  absori't  ion  spectrum  of  the  KC 1 : 1 u is  shown  in  Kip.  1,  wheri- 
the  mi're  intense  euirve  (11)  is  from  tlie  lu'i>  1 smtion  aiul  t iie  lower  curvi’  ((’) 

O 

i.s  from  the  cone  sectiini  llarshaw  KC  1 : Ku  crvstal  KC  . 0 1 KCIld  7 . The  ) )00  A 

band  consi.sts  of  a staircase  structure  that  can  be  I'artial  ii'solvi'd  at 
room  temperature;  at  low  temperatures  it  is  composed  ol  pe.iks  .it  HdO,  i-HO 

O O 

and  Jb40  A (7).  Tlie  2400  A band  can  only  lu‘  ri'solved  .it  low  t I'mj'er.it  uti's ; 

at  77°K  it  consists  of  five  iiulividu.il  pe.iks  .it  2 140,  2400,  2 )40,  .’410  .ind 

O 

2580  A (7).  All  of  the  s.imples  from  our  KC  1 : Ku  cryst.il  showed  the  blue 
lumiiu'scent  color  cha  r.ic  t er  i s t i c ol  liu  (b). 

The  absorption  spectrum  of  triv.ilent  Ku  ions  h.is  been  obsiauu-d  onl\- 
in  europium  s.alts  (8)  .iiul  in  b.iCljiKu  (d).  The  priiu-ip.il  .ibserption  lines 

O 

that  .ire  ol  interest  .ire  .it  57‘>0,  52bO,  4b50  .ind  bhul  A.  Ol  these,  t lu- 

O 

absorption  at  4()50  A h.is  been  report  eil  as  bcinp  .ibout  twice  .is  inti-nse  .is  the 

O 

others,  while  the  presence  of  the  .ibsorption  I'f  57'-)0  A seems  ipies  t i on.ib  1 c . 

I ^ ^ 

Stoebe  .ind  Sprv  (10)  m.idi>  attempts  to  I'bscrt'o  the  Ku  absori't  ion  b.nuls 

O 

57')0,  52bO,  4b50  .nul  l‘)n0  A in  .is- rtu-e  i ved  KC  1 ; Ku  i-rvstals  bv  .inne.i  1 i up  the 
crvst.ils  .It  i)50‘’C  tor  ■)  hours  .nul  then  r.ipiiilv  coi'linp,  1 hem  to  room  t emp- 
er.itnre  (coolinp  .iccomp  1 i shcil  in  .iboul  10  st'c  . ) . 


Ilonevwc  1 1 tb'rpor.i  I i on 


i.lovo  lopmonL  work  (1)  had  indiratod  that  KC I : Ku  hooumos  briLtlo  .itti-r  anni-a  1- 
inp,  at  650‘’C  in  air;  Honovweil  spociiiatod  that  this  was  isuisi'd  1)\'  tho 

I I I ^ ^ 

oxidation  of  Kn  to  Ku  . llowovor,  no  fin  ahsorptii'ii  hands  woi'i-  ohsorvod 
by  Stoohe  and  Spry  f 10)  and  any  ohanp.o  in  t ho  Ku^  oonti-nt  (d4  3 nm  poak) 
was  small  and  virtually  undot  is- tab  1 o . Tluso  ohsi'i'vat  i ons  suygost  that  t ho 

j I 

convoni  rat  ion  eh  Ku  as  vo-„p,irod  to  tlu'  total  Ku  i-onoon  t ra  i i ini  is  itt.')’,  1 i i h i o . 

Tho  optica!  ahsori'tion  bands  of  the  fat  (24!i  nm  ;uul  i }0  nm)  , it 

+”4' 

ctilihratod,  ettn  allow  lor  a non-dost  ruct  i vo  tie  t orm  i na  t i on  ol  tho  Ku  oontont. 

Stoobo  and  Spry  (10)  ca  1 i brati'il  tho  peak  ahsorptii'n  oooffioiont  iil  t ho 

243  nm  band  agtiitist  tho  Ku  concon t ra t i on  ;is  dotorminod  by  tlu'  llonoywoll 

po  larogrtiph  i c analysis  (11).  Tho  243  nm  Itand  was  chosoii  rather  than  the- 

'0  nm  band,  since  from  Fig.  1,  tltc  243  nm  btmd  has  loss  structuro  at 

room  tomporaturo.  .4  linear  rolationship  was  obtained  as  follows: 

mole  % Ku  = 4.2  X 10  I | 1 1 

whore  » is  the  poak  absorption  coefficient  of  tho  243  nm  b.md  in  cm  ' 

.It  ri'om  tomiu’rature.  The  rehitive  comp.irlson  of  optictil  .ibsorption  results 

.ind  ]5ol,irogr.tphic  tin.tlysis  using  oq  1 1 | is  shown  in  Fig.  2 (10). 

I'sing  peak  absorption  coef  f i c i ents  and  po  1 .irogr.ajih  i c d.ita,  Stoobe 

.ind  Spry  (10)  wi>re  able  to  determine  tho  Ku  impurity  distribution  in  tiu' 

edge,  heel  .ind  cone  regions  of  tho  Kt:  1 : Ku  crysl.il  KC.OlECHh?.  Thov  I otind 
4~f* 

that  the  Ku  content  through  the  cryst.il  generally  followed  tlu'  expect  oil 
v.iri.uions  for  an  impurity  with  .i  distribution  ci>e  I f i i- i out  of  less  i h.in 
one,  except  for  the  rise  in  concent  r. it  ion  lusir  the  snrlaci-.  fhe  initi.il 
Ku  content  in  tho  molt  was  100  mole  ppm;  this  decre.isi’d  to  indic.iled 
concent  r. it  ions  in  tho  crvst.il  on  the  order  of  1(1  mole  ppm  iii'.ir  t lu'  lone 
,ind  fiO  mole  ppm  m'ar  the  heel,  .is  shewn  in  Fig.  2.  ITie  rcl.it  ive  intiui- 
s i t i os  ol  the  .ihsorptions  in  Fig.  1 .ilso  indie. itc  the  v. iri.it  ion  ot  Ku 


i-ontent  I rom  heel  (11)  to  cone  (til. 


- 1- 


Ionic  conduct  ivi  ty  is  another  tochnicinc  tliat  mav  In'  used  t invest- 
igate lattice  defect  conf igurat ions  and  divalent  (or  tri valent)  ion  conctm- 
trations.  Ionic  conductivity  data  can  thus  provide  tinother  calibration 
check  on  the  Eu  content. 

A simple  theorv  of  ionic  conduc t i vi t y , which  is  tidequate  tor  most 
of  our  work,  has  been  well  summtiri/ed  by  Lidiard  (12)  and  Suptitz  and 
Tetiow  (id).  The  main  point  is  tiiat  the  variation  of  the  concent  rat i on 
of  free  cation  vacancies  as  a function  of  temperature  for  doped  crystals 
enables  the  calculation  of  the  impurity  content.  Of  the  three  possible 

^ I I j j 

species  of  the  Eu-ion  present  in  KCiiEu,  only  the  Eu  and  the  Eu 
can  be  detected  by  ionic  conductivity,  since  only  these  two  ion  valences 
increase  the  concentration  of  free  cation  vacancies.  11  Eu  is  intro- 
duced into  Ciie  KCl  lattice  to  replace  K*^,  no  e.xtra  cation  vacancy  is 
needed  to  maintain  charge  neutrality  and  hence  Eu  cannot  bo  detected  by 

I 

ionic  conductivity  . However,  if  Eu  is  introduced  into  the  KCl 

lattice  to  replace  an  e.xtra  cation  vacancy  is  also  created  to  maintain 

charge  neutrality,  according  to  tlie  cliarge  balance  equation, 

Eu"^  + 2\' . 12] 

K 

where  V indicates  a cation  vacancy.  This  extra  cation  vacancy  can  contri- 
K 

++  ^ . "t"  3 

bute  to  ionic  conductivity  and  allows  detection  ol  Eu  ions.  II  Kn 
Is  introduced  into  the  KCl  to  replace  K , 2 extra  cation  vacancies  are 

also  created  to  maintain  charge  neutrality,  according  to  the  charge 


balance  equation. 


3K  Eu  + 2V, 


Hence  these  extra  cation  vacancies  can  alsi’  cotitribnto  to  ionii-  i-ondnct- 
iviLv  and  alli-»w  detoc-tion  o{  the  Ku  ion. 

I on i c conductivitv  is  usually  plotlod  as  Ln  T (ohm  om  K)  versus 


l/T(k"  ).  For  our  purpose,  roi;ions  I and  11  ot  tiu’  I'ondur  t i v i t v pKu 


-..4- 


need  be  considered. 


Iti  region  I tiie  concmiL  ral  i on  oi  cation  vacancies 


is  governed  only  by  Che  Lliermal  statisLics  ol  the  latcii-e  and  is  iiule- 

pende.nt  of  tlie  impuritv  doping  level.  I'he  slope  ol  the  l.n  T vs.  I /'I' 

plot  in  region  1 is(h  /2  + 11  ),  where  li  is  the  Schottkv  energy  of 

s ni  s ' ' ■ I 

lormation,  and  11  is  the  energy  ol  raot  ion  o;  ihi'  l ation  v.ic.aicy. 
m 

Region  11  is  kiu'wn  as  the  extrinsic  region  .md  is  where  the  concen- 
tration oi  cation  vac.mcies  is  equal  to  tne  conceiitrat ion  of  divalent 
impurities;  the  slope  in  this  region  is  li  The  leniperature  at 
which  regions  1 and  II  intersect  is  known  as  the  knee  temperature  and 
at  tills  point  the  concent  rat  ion  of  intrinsic  cation  v.icancies  equals 
Che  concentration  of  extrinsic  vacancies  (concentration  i.>f  divalent 
impurities).  Thus  Che  determination  of  the  knee  temperature  and  t lie 
slopes  of  regions  1 and  II  allows  the  calculation  of  the  i-oncent  ra  t i on 
of  divalent  impurities  present. 

Electron  spin  resonance  (esr)  in  Eu  is  due  to  inner  shell  (-'if) 
electrons  and  should  not  be  influenced  by  valence  changes  which  involve 
outer  shell  (5d,  hs)  electrons.  Esr  can  be  used  to  determine  Eu-ion 
environments,  however,  especially  as  related  to  the  presence  of  Eu-vacancv 
pairs  (2,3).  Hence,  esr  is  one  of  the  principal  methods  used  to  demon- 

j-  I 

strate  that  Ku  paired  with  one  vacancy  is  the  predominant  defect 
present  at  room  temperature  in  KCl:Eu. 


-3- 


SECTION  111 


EXl’ERimiNTAl, 

The  IX 1 : Eu  crystals  used  in  tills  studv  were  t rom  KCi.’Eu  ingot 
KC.01F.CI197  (10),  a 17-iinli  diameter  liv  7-ineh  liigii  single  crystal  grown 
by  the  llarsiiaw  Chemical  Company  tor  the  AFML-mon  i t ored  laser  window 
development  program.  The  sectioning  plan  .or  this  ingot  is  shown  in 
Fig.  3.  The  KCltEu  samples  were  taken  trom  locations  shown  in  more 
detail  in  Fig.  2;  samples  from  the  liee  1 (last  part  to  solidify)  are 
shown  in  Fig.  2 (101,  as  112  .ind  114,  wiiile  samples  from  the  cone  section 
(first  part  to  solidify)  are  shown  in  Fig.  2 as  Ca  ind  C4.  Also 
available  were  sever. il  Harsliaw-grown  undoped  KCl  single  crystals. 

The  techniques  used  to  investigate  the  crystals  consisted  of 
optical  absorption,  electron  paramagnetic  resonance  and  ionic  conduct- 
ivitv.  Polarographic  .inalysis  of  the  Eu-ion  content  was  obt. lined  by 
Honeywell,  Inc.  (11)  on  samples  immediately  adjacent  to  those  used  for 
the  current  work.  The  polarogr.iphi c analysis  results  for  heel  and  cone 
scans  along  with  the  earlier  optical  absorption  determinations  ol  Eu-ion 
content  have  been  shown  in  Fig.  2. 

The  samples  used  for  optical  absorption  measurements  were  cleaved  to 
thicknesses  5 mm  and  1 mm.  Samples  were  used  in  the  unpolished  condition 
however,  care  was  taken  so  that  the  part  of  the  crystal  in  the  beam  con- 
tained no  cleavage  steps.  Some  of  the  crystals  that  were  used  in  the 
unpolished  condition  were  also  mechanically  polished  to  an  optic.il  linish 
using  0.6  t.m  alumina  polishing  powder  and  compared  to  measurements  ra.ide 
in  the  unpolished  condition;  no  differences  were  observed.  .All  optical 
absorption  measurements  were  made  on  a Cary-14  spectrophotoraet er  .it  room 
temperature  and  Che  optical  absorption  coefficient  w.is  calcul.ited  trom 


the  optical  density  and  the  thickness  of  the  crystal.  The  effect  of 
reflectance  in  KCl  is  approximately  3.5%  and  therefore  can  bo  neglected; 
thus,  ,t  can  be  calculated  from  the  peak  absorption  coefficient  (1^)  using 
the  relation: 

2. 3_03(0.1).  ) 

[4] 

Here  t is  the  sample  thickness  and  O.D.  represents  the  optical  density  of 

1 

the  sample.  Optical  absorption  measurements  were  also  made  on  a few  of 
the  Harshaw-grown  undoped  KCl  single  crystals  for  comparative  purposes. 

Ionic  conductivity  measurements  were  made  using  an  A.C.  method  at 
1592  Hz  using  a Wayne-Kerr  Universal  Bridge  which  measured  both  conductance 
and  capacitance  of  the  sample.  Conductivity  values  were  determined  by 
multiplying  the  measured  conductance  by  L/A,  where  L is  the  length  of  the 
sample  and  A is  the  cross  sectional  area  of  the  sample.  The  crystal  was 
coated  with  a colloidal  graphite  and  then  mounted  between  two  nickel 
electrodes  in  the  conductivity  jig. (15).  The  conductivity  jig  was  placed 
inside  a horizontal  Vycor  tube  which  was  heated  by  a Marsha  11  furnace. 

The  furnace  temperature  of  the  crystal  was  measured  by  means  of  a cliromei- 
alumel  thermocouple  placed  next  to  the  crystal  and  connected  to  a digital 
volt  meter.  Before  making  the  conductivity  measurements,  the  crystals  were 
annealed  for  1 hr.  at  420°C  to  allow  for  sample  equilibrium.  During  the 
annealing  treatment  and  the  conductivity  measurements  the  furnace  was 
continually  flushed  with  dry  helium  gas.  The  conductivity  measurements 
were  made  in  equilibrium  on  heating  from  420°C  to  750°C  at  25°C  intervals. 

The  electron  spin  resonance  (esr)  work  done  was  qualitative  in  nature. 

The  esr  mearsurements  were  made  at  room  temperature  at  X-band  using  a 
Varian  V-4502-EPR  spectrometer  with  100  KC  field  modulation.  For  the  single 
crystals  the  spectra  were  recorded  with  the  applied  magnetic  field  .along  the 
<110-  directions.  Spectra  from  a KCliEu  crystal  that  had  been  crushed  and 
groutid  to  a fine  powder  (<100mm)  were  also  recortled  at  room  t i^mperature . 


SECTION  IV 


KESIIETS  ANT)  DISCUSSION 

Ionic  cordiu  L i vi ty  plots  of  the  KC 1 : Eu  crystals  from  samples  112, H4, 

C2  and  C4  are  siu>wn  in  Eig.  4 where  the  intrinsic  slope  is  determined  from 

that  of  the  II.  rsh.iw  crystals.  The  slope  at  region  II,  H , is  O.HleV  1 rom 

m 

(.rystai  C2  (16). This  value  seems  high  compared  to  some  recent  work  (17-lV) 

but  agrees  fairly  well  with  earlier  studies  (20-22).  From  the  slope  of' 

region  1 and  this  value  of  H , H was  ,le l e rm  i tied  is  2.46  eV.  this  agiees 

ms  " 

well  with  recent  work.  Using  this  value  and  the  knee  temperatures,  the 

I 

Eu  content  of  these  KCliEu  crystals  was  then  iletermined. 

j ^ 

Assignment  of  a Eu  content  from  the  above  is  valid  only  il  no  Eu 
contributes  to  the  ionic  conductivity  data.  Again  the  optical  absorption 
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bands  at  5790,  5260,  4650  and  5960  A were  checked  lor  Eu  absorptions. 

As  with  the  work  of  Stoebe  and  Spry  (10),  none  were  observed. 

The  optical  absorption  coefficients  at  room  temperature  of  both  tlu' 

243  and  330nm  band  were  calculated  for  the  KCliEu  cryst.ils  112,  114,  C2  and  C4. 

The  optical  absorption  coefficient  of  the  243  nm  band  is  calibrated  against 

[ 

the  Eu  content  determined  by  ionic  conductivity  using  a least  s(]uares 
analysis,  as  shown  in  Fig.  5.  The  result  indicates  a linear  re  1 .it  i onsh i p 
between  these  two  measurements  such  that: 

mole  % Eu^  = 4.3xJC'*i  [al 

This  result  agrees  well  with  the  work  of  Stoebe  and  Spry  (10)  .ind  is 
probably  more  accur.ite  than  their  value.  This  result  may  also  be  comp.ired 
to  the  polarogra|)hic.  analysis  of  the  adjacent  s.imples  as  in  Fig.  (i.  ’i'he 
comfiarison  agrees  to  within  1031  in  threi'  of  the  loc.it  ions  but  varii's  252 
at  the  fourth  (S.imple  114).  The  reasons  for  (his  d i sc  ri'p.incy  are  not  clear. 
When  till'  I'ptic.il  .ibsorplion  ci'etficient  ot  the  i 10  nm  b.md  is 
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calibrated  against  Eu  content  determined  by  ionic  conductivity,  a 
linear  reiationsliip  exists  as  follows: 

mole  % Eu"*”*^  = 4.5  x 10  t 1 1)  I 

This  compares  well  with  the  calibration  of  tlie  241  nm  b.ind  given  in  i<; . (5). 

The  result  in  eq.[5]  may  also  compare  to  tiie  results  ot  Sill  et  al.(21), 

I I 

who  used  atomic  absorption  spectroscopy  to  measure  tiu'  Eu  impurity 
content.  Compared  to  the  optical  absorption  coefiicient  ot  the  241  nm 
band.  Sill  et  al.  obtained  .a  proportionality  factor  ih.it  was  8 hip, her  than 
that  in  eq . [5].  This  may  indicate  the  presence  of  additional  Eu  in 
their  cryst.ils,  piesent  either  as  Eu"*^  or  in  .i  st.ite  of  agglomeration, 
neither  of  which  would  be  measured  using  ionic  conductivity.  However, 
this  discrepancy  is  not  seen  in  the  polarograph ic  analysis  of  our  s.imples, 
noted  .ibove.  Causes  for  this  discrepancy  are  being  invest  ig.ited  further 
using  the  other  lattice  defect  investigative  techniques. 

The  esr  spectrum  when  the  magnetic  field  is  along  ■ 100  is  quite 
complex  and  at  room  temperature  consisted  of  168  lines.  Comparing  the  riumi 
temperature  spectra  to  those  in  the  literature  (2,1,34),  where  similar 
spectra  were  studied  in  terms  of  a cation  vacancy  at  a nearest  neighbor 
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site  next  to  the  Eu  ion,  suggests  that  at  room  temperature  the  Eu  ion 
is  indeed  in  the  form  of  Eu  -vacancy  dipoles. 

The  esr  spectra  of  the  KCliEu  powder  at  room  temperature  is  shown 
in  Fig.  7.  The  powder  spectra  shows  a much  reduced  number  of  lines  .is  comp.ireu 
to  the  single  crystal  spectra;  this  is  expected  bec.inse  in  the  powdi'r  the 
spectra  is  a superposition  of  a large  number  ol  spectra  nssulting  t rom 
all  possible  orientations  of  the  .applied  magnetic  field  with  axis  ot  the 
crystal.  Since  the  powder  is  composed  ol  m.inv  r.iiuiomlv  orienti'd  crvslals, 
the  total  spectrum  is  independent  ol  the  diti'ction  ot  llu>  exli'rn.il  lielvl. 

I'hus  the  angular  t»‘rms  drops  out  in  the  powiKu  sampU’. 
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The  observed  powder  spectrum  contains  12  lines.  These  lines  are 

probably  due  to  the  liyperfine  splitting  of  Hu  ion  isotopes  Ku*^^  and 
each  with  spin  (I)  equal  to  5/2.  Further  work  is  needed  to  determine  the 

potential  use  of  powder  esr  spectra  in  defect  studies  in  KCl:Eu. 
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SECTION  V 
CONCLUSIONS 

The  243  and  330  nm  absorption  bands  in  KC I : Eu , wtien  calibrated 

by  poJarographic  analysis  and  ionic  conductivity  data,  can  yield  a 

++ 

non-destructive  determination  of  Eu  content  in  KC 1 ; Eu  laser  window 
materials.  The  concentration  of  Eu"*”^  is  negligibie  when  compared  to  the 
total  Eu  concentration  in  the  KCl;Eu  samples  studied.  The  results 
also  indicate  that  at  room  temperature  the  Eu  is  in  the  form  of 
Eu"*~*”-vacancy  dipoles. 

The  discrepancy  between  the  Eu  content  determined  by  polaro- 
graphic  analysis,  by  atomic  absorption  and  by  ionic  conductivity 
may  be  due  to  cation  vacancies  that  are  trapped  by  some  type  of 
complex  that  would  not  allow  detection  by  ionic  conductivity,  or 
by  the  presence  of  some  of  the  Eu  in  the  form  of  Eu^  ions.  These 
possibilities  are  being  investigated  further. 
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Figure  1.  Optical  absorption  spectrum  of  KC 1 : Ku  at  riumi  tompi-r- 
ature.  Spectrum  H is  i rom  the  heel  section  aiul  spectrum 
C is  from  the  cone  section  of  sample  KC . 0 1 FCHh7 . 
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Fillin'  2.  Concciitrat  ii->n  vs.  cryst.il  loraiion  ili't  I'lniiiu'd 

using  absorjit  i on  ami  po  l.u-grapli  ii-  results,  I rom 
ref.  10.  Scliomatio  smiions  at  hoi'l  .iiul  ii'iio 
siiow  sample  locations  aiul  grain  liotiiul.ir  ios . 

(See  also  Fig.  )) . 
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Kiguro  3.  Sectioning  plan  for  Ha rsliaw-grown 
ingot  KC.01KCI197.  Set'  I'igure  3 
for  spec  i tic  sample  locations  in 
cone  and  heel  sections. 


EUROPIUM  CONCENTRATION  (PPMM) 


Figure  5.  Absorption  coe^icient  of  the  243  nm 
band  versus  Ku  oonoen t rat i on , as 
determined  by  ionic  conductivity.  Tltt 
slope,  determined  by  least  squares 
curve  fitting,  is  0.234;  the  sh'pe 
inverse  gives  proper t i ona 1 i t y constant 
in  eq . [51. 
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